Introduction
Removal of SO 2 from flue gas has been a worldwide concern. Various technologies for flue gas desulfurization (FGD) can be classified into three different types: wet scrubbers, semi-dry processes and dry processes [1] . Wet scrubbers have been widely commercialized in industry for achieving SO 2 removal in excess of 95%. However, this kind of technology generates a large amount of wet solid waste and requires treatment of waste water. It also involves a complicated configuration and costly operation. Dry FGD systems are attractive as compared to wet scrubbers in terms of cost because they do not require water and reheating energy. Nonetheless, this type of process has not yet been widely used due to high sorbent cost and low SO 2 removal. Therefore, various semi-dry processes have been developed to avoid the disadvantages of wet scrubbers and dry FGD techniques [2] . Semi-dry flue gas desulfurization is most suitable for incinerator which requires removing multiple pollutant including sulfur dioxide, chlorine hydride and Dioxin [3] . Even so, SO 2 removal efficiency of semi-dry flue gas desulfurization is lower than wet scrubber, which may lead to not meet environmental regulation in some occasion.
In semi-dry flue gas desulfurization, lime slurry becomes dry in the scrubber. Drying process can be divided into constant rate stage, reducing rate stage and quasi-equilibrium stage. Most researchers [4] [5] [6] [7] Author name / Procedia Environmental Sciences 00 (2011) 000-000 considered that SO 2 removal reaction happens at the first stage or the first two stages. In the quasiequilibrium stage, gas solid reaction occurs in the outer surface of sorbent particles due to less liquid water. The reaction rate is very slow. There is potential to increase SO 2 removal efficiency after the first two stages. Considering liquid water is benefit for reaction, it is proposed in this paper to decrease water content in the lime slurry and spray it at a certain location downstream the scrubber which may extend existence period of liquid water and increase the SO 2 removal efficiency. This part of water is called humidification water. The effect of humidification water parameters (ratio of humidification water to total water, location of humidification water) on semi-dry flue gas desulfurization removal efficiency has been experimentally investigate in this paper.
Experimental
The experiment system consists of simulation flue gas system, lime hydration system, SO 2 scrubber, fabric filter and data acquisition system ( Fig. 1 ). Humidification water was sprayed into the scrubber to extend gas liquid reaction period. Lime was used as sorbent. The physical characteristics of the lime is shown in TABLE I. Lime was stored in the slurry tank after hydration. Sauter diameter of the lime slurry is 50~70μm. SO 2 was added into the mixing tank after a flowmeter to meet the concentration. SO 2 concentrations inlet and outlet the scrubber were measured with MSI-2000 flue gas analyzer. Temperatures along the scrubber were measured with type K thermocouples through HP34970A Data Logger. Welt bulb temperature of the flue gas was measured at the outlet of the scrubber. Lime slurry and water flow rates were measured with rotor flowmeter and adjusted with speed-regulating motors. The experiment condition is shown in TABLE II. First, the experiment was carried out without humidification water at different approaching saturation temperature as reference. 
Results and discussion

3.1Effect of humidification water on SO 2 removal efficiency
Humidification water on SO 2 removal efficiency was studied in this paper. Humidification water location is 3m, 6m and 9m above the slurry nozzle respectively. Approaching saturation temperature at the scrubber outlet is 10 o C and 20 o C separately. Humidification water ratio is 10%, 20%, 30%, 40% and 50%. Effects of humidification water on SO 2 removal efficiency of the scrubber, the fabric filter and the whole system are shown in Fig. 2 to Fig. 4 . It is can seen from Fig. 2 , wherever the location of humidification water location, the SO 2 removal efficiency of scrubber increases and then decreases with humidification water ratio. This is because liquid water existence period increases as humidification water rate increases, but as the total water is constant, if the humidification water ratio is too high, water content in the slurry will decrease and so do drying period. Then the SO2 removal efficiency will not increase but decrease. Humidification water ratio has not effect on SO 2 removal reaction in fabric filter. But SO 2 concentration inlet the fabric filter will decrease due to the SO 2 removal efficiency in the scrubber increase. Also sorbent ratio in the particles flowing into the fabric filter will decrease which also decreases the SO 2 removal in the fabric filter ( Fig. 3 ). Fig. 4 shows that SO 2 removal efficiency increase of the total of the whole system is not as significant as that in the scrubber. The maximum SO 2 removal efficiency of the scrubber and the whole system can reach 72% and 87% respectively. When the humidification water location is 3m, humidification water has little effect on SO 2 removal efficiency of the scrubber and the whole system. When the humidification water location is 6m, SO 2 removal efficiency increases significantly. But when the humidification water location is 9m, the effect is similar as that in 6m. This is because at the location of 3m above the slurry nozzle, lime slurry has not been dried and humidification water has little effect on extending liquid water existence period. At the location of 6m above the lime slurry nozzle, the drying stages of slurry is just completed, this is the best location for humidification water. At the location of 9m, the slurry has been dried for a period which will decrease gas liquid reaction time in the scrubber. And considering the safe operation of the fabric filter, the humidification water location should be where the drying process of slurry is just completed.
The result under different approaching saturation temperature (10 o C and 20 o C) is shown in Fig. 5 . It can be seen that at both conditions, SO 2 removal efficiency increase with humidification water compared with that without humidification water. The effect will decrease when humidification water ratio is more than 30%. SO 2 removal efficiency of the whole system is higher at lower approaching saturation temperature. Figure 5 Effect of humidification water on SO2 removal efficiency of the whole system under different approaching saturation temperature.
3.2Temperature distribution of scrubber centreline
The flue gas temperature in the scrubber is lower than 150 o C. Temperature of wet bulb wrapped with gauze represents dry bulb temperature when there is enough water in the flue gas. The temperature represents dry bulb temperature when water in the flue gas has vaporized completely. Dryness in the scrubber and its effect on the SO 2 removal can be explained with temperature variation along the scrubber centerline.
When the approaching saturation temperature is 10 o C, humidification water ratio is 30%, temperature variation is shown in Fig. 6 . Temperature variation when scrubber flue gas outlet temperature is 70 o C at different humidification water ratio and when the humidification is 6m above the slurry nozzle is shown in Fig. 7 . It can be seen that the temperature variation trend is the same. The temperature increases faster and at higher humidification water ratio. The temperature reached minimum at 6m where hudification water is added in and then increases. The temperature increases faster at less humidification water ratio. 
Conclusion
The effect of humidification water parameters (ratio of humidification water to total water, location of humidification water) on semi-dry flue gas desulfurization removal efficiency has been experimentally investigated. The optimal values of the parameters were obtained under the experiment conditions, which were 30% for ratio of humidification water to total water and at 6m above the lime slurry nozzle. SO 2
